Objective: Selenium (Se) supplementation has been suggested in the treatment of Graves' disease (GD). We sought to investigate Se prescription patterns for GD across European countries. Methods: Members of the European Thyroid Association were invited to participate in an online survey investigating the use of Se in GD either without or with orbitopathy (GO Of these, 60.1% recommend Se as an alternative to watchful waiting in patients with mild ocular involvement and 44.9% as an adjuvant to the established treatment modalities in patients with moderate to severe ocular involvement. Conclusions: In Graves' hyperthyroidism without GO, 38.2% of ETA (European Thyroid Association) members recommend Se supplementation. Conversely, Se is recommended by the majority of respondents in GO, both in patients with mild and moderate to severe ocular involvement. This clinical practice is partially in disagreement with current European treatment guidelines that recommend Se as a 6-month treatment in mild GO only.
Introduction
Graves' disease (GD), especially when accompanied by Graves' orbitopathy (GO), remains a conundrum both as for etiology and for treatment [1] . Genetic susceptibility in an elaborate and only partially understood interaction with a number of individual specific environmental variables, iodine intake and tobacco smoking being those most studied, accounts for the final phenotype most likely unique to any individual [2, 3] . The disease has negative socioeconomic consequences [4] and is associated with excess morbidity and mortality [5, 6] . Questionnaires by American Endocrine Societies (The Endocrine Society, American Thyroid Association and American Association of Clinical Endocrinologists) and the European Thyroid Association (ETA) have previously dealt with diagnostic and therapeutic aspects of GD and GO, but not focused on the potential role of the trace element selenium (Se) [7, 8] .
Se is a non-metal trace element, essential for the production of selenoproteins. The thyroid gland has an Se tissue concentration of 0.2-2 μg/g, which is the highest of any human tissue, and it contains a substantial number of identified selenoproteins [9, 10] . Selenoprotein families of particular interest include the glutathione peroxidases (GPxs), which protect thyrocytes from excess hydrogen peroxide during thyroid hormone synthesis, and iodothyronine deiodinases [11] , which act as catalysts for the activation of thyroid hormone [12] . Adverse effects are clinically evident in severe Se and iodine-deficient areas [13] , but may also be detectable in marginal Se deficiency countries [14] , as is the case in most of Europe.
In patients with autoimmune thyroid disease, including GD, plasma Se and GPx concentrations have been reported to be lower than in those with goiter and nonautoimmune thyroid disease [15] . Indeed, GD is characterized by an increased oxidative stress that may result in the exhaustion of the antioxidant defense and the parallel decrease in Se and selenoproteins [16, 17] . Data from clinical trials offering Se supplementation are limited and have yielded equivocal results [18] . A recently published double-blind, placebo-controlled trial could not provide evidence of an effect of Se supplementation (300 µg/day) on either the response to treatment or the recurrence rate in GD [19] . Similarly, a trial with Se supplementation in an Se-sufficient cohort of patients failed to demonstrate an adjuvant role in the short-term control of hyperthyroidism [20] . On the other hand, two randomized studies, from China [21] and from Sweden [22] , reported a faster remission of GD with Se treatment, and the Chinese trial additionally demonstrated a decrease in serum TSH receptor antibody (TRAb) concentrations.
The evidence for the efficacy of Se supplementation in patients with GO is very limited but less conflicting. A multicenter randomized, double-blind, placebo-controlled trial demonstrated that Se, but not the anti-inflammatory agent pentoxifylline, significantly improved quality of life, reduced ocular involvement, and slowed progression of the disease in patients with mild GO [23] . In addition, an Australian case-control study showed that serum Se was lower in patients with GO than in those without, and that the mean Se levels decreased in parallel with the increasing severity of GO [24] . These results were only partially reinforced by a German study that did not demonstrate an association between Se levels and severity of GO, but confirmed that these patients are at an increased risk of Se deficiency and that Se levels are inversely associated with TRAb levels [25] .
The insight into the role of Se in thyroid diseases has improved in recent years [26] [27] [28] , and its therapeutic use in mild GO is recommended in current ETA guidelines [29, 30] . An Italian survey, published in 2016, investigated the clinical use of Se supplementation in the index case of a 42-year-old female patient with GD. In the absence of GO, only 20% of respondents suggested the use of Se supplementation, while the rate increased to 25% in the presence of mild GO and decreased to only about 5% for moderate GO [31] . Due to the lack of more comprehensive data concerning the use of Se supplementation in European countries, a dedicated questionnaire was developed and distributed to the members of the ETA, who remained anonymous throughout. The survey involved a spectrum of benign thyroid diseases. Here, we present the results regarding the use of Se in GD and GO.
Methods
We utilized a web-based survey constructed with Lime-Survey, an open-access platform that provides various question templates. The questionnaire included 56 questions. A total of 872 ETA members were sent an initial e-mail including an electronic link to the questionnaire, followed by two reminders, between April 1st and 30th, 2018. Survey responses were collected and electronically stored by the survey service, where they were accessible by password. The survey service automatically blocked repeat submissions from the same IP address. For each disease group, standardized items regarding available evidence, attitude, aim, dosage, and duration of Se supplementation were used. The entire survey is available (online supplementary Appendix 1; see www.karger.com/doi/10.1159/000494837 for all online suppl. material).
Statistical Analysis
Summary statistics were prepared for responses to each question. We considered as valid for statistical evaluation only those questionnaires with complete demographic data from the respondents. Pearson In all analyses, respondents stating that they did not know the answer to a given question were pooled in the response category with respondents that did not provide an answer.
Answers from different countries were pooled and analyzed together, as the small number of respondent physicians from each single country did not allow any reliable comparison between countries.
Results

Data about the Survey Respondents
A total of 266 ETA members participated in the survey, 244 of whom provided complete personal data (28% of invited ones). Physicians from 34 countries answered the questionnaire, with Italy (15.6%) and Denmark (11.1%) providing the highest number of responses ( Fig. 1) .
Thirty-seven respondents (15.2%) were also members of the American Thyroid Association (ATA, n = 32), Latin American Thyroid Society (LATS, n = 4), or Asia and Oceania Thyroid Association (AOTA, n = 1). Figure 2 shows the selection of respondents, with the exclusion of incomplete response (n = 22), non-European members (n = 32), basic scientists (n = 11), and those not answering the questions about GD and GO (n = 4).
The milestone question was about the use of Se in patients with thyroid disease. Sixty-one participants who answered "never" or "only in the setting of clinical trials" were automatically driven to the end, ruling out the possibility to answer the following questions. The remaining 136 declared to use Se, namely 37 (27.2%) "frequently or always" and 99 (72.8%) "occasionally or rarely", and represent the dataset for the subsequent analysis.
Characteristics of the 136 analyzed respondents are presented in Table 1 . Demographic characteristics of the 61 respondents not using Se were not different from those of the 136 included (data not reported) except for country. Most Danish respondents (22/24; 92%) did not use Se at all or only in the setting of clinical trials, in contrast to all the other nationalities. Thus, the corresponding figures for Italian respondents were 7/35 (20%) and for all other countries pooled together 32/101 (31.7%) (p < 0.001).
General Data about Se Supplementation
The Se status in the general population of their own country was unknown to 88 respondents (64.7%). Nearly For 82 respondents (60.3%), the decision to recommend Se supplementation was not influenced by the Se status of the general population. Only 29 physicians (21.3%) reported that they generally (5; 3.7%) or occasionally (24; 17.6%) measured a given patient's Se status before recommending supplementation, and 101 (74.3%) did not consider iodine status when deciding whether or not to recommend Se supplementation.
Only 76 of the respondents (55.9%) expressed a preference for one formulation over the other, among whom selenomethionine was the preferred formulation for 51 (67.1%). The majority of physicians (80; 58.9%) did not make a specific prescription, as Se is sold over-the-counter in their countries.
Se Supplementation in GD without GO (Fig. 3) For patients with GD not associated with GO, 55 out of 136 respondents (40.4%) answered that the available evidence does not warrant the use of Se, and 84 (61.8%) affirmed that they never prescribed it. Fifty-two clinicians (38.2%) suggested the use of Se and 32 of them (61.5%) gave the reduction of TRAb levels as the primary motivation for their recommendation. The second and third most frequent reasons for recommending Se in GD were the possibility of decreasing the risk of relapse and of improving the quality of life (20 and 16 respondents, respectively; note that more than one answer was allowed). The suggested doses for Se supplementation were nearly equally distributed between 100 and 200 µg/day (21 and 23 respondents, respectively, out of the 47 respondents who answered this question), whereas the recommended length of treatment was from a few weeks to months for 34 of 52 respondents (65.4%). The other respondents were evenly distributed among the other possible options: "as long as antithyroid medication is needed," "years," or "indefinitely."
Se Supplementation in GO (Fig. 4) For Graves' patients with GO, 76 out of 136 respondents (55.9%) declared that the available evidence supports the use of Se supplementation. Only 6 (4.4%) answered that there is no evidence in favor of this treatment and 44 (32.3%) affirmed that they sometimes prescribed Se even if recognizing the available scientific evidence as insufficient (no answer was provided by 5; 3.6% of clinicians). Accordingly, the vast majority (128; 94.1%) of respondents recommended Se use in GO, namely 53 "sometimes" (39%), 41 "frequently" (30.1%), and 34 "always" (25%). Se supplementation was recommended by 83 ETA members (61%) as an alternative to surveillance alone in patients with mild ocular involvement and by 61 (44.9%) as a supplement to the established treatment modalities in patients with moderate to severe GO (more than one answer was allowed). The preferred dose was ≤200 µg/ day for 108 out of 119 (90.8%) clinicians who answered this question, and 102/128 (80%) recommended Se treatment for a period of a few weeks to months and a subsequent reassessment of the patient for evaluating the effect of Se supplementation.
Discussion
GD is an autoimmune thyroid disorder, characterized by a complex and only partially identified pathogenesis [1] , which is associated with an increase in the oxidative stress of the thyroid tissue [16] . Due to the role of GPxs in the synthesis of thyroid hormones, Se supplementation has been proposed as a potential adjuvant treatment both for accelerating the remission of hyperthyroidism and, when present, for improving the symptoms and signs of GO. Although the scientific evidence in favor of Se supplementation in patients with GD and GO is still limited, and somewhat controversial, its empirical use is not infrequently considered in clinical practice [31] . For these reasons, we have investigated the practice pattern in a large series of thyroid specialists across the different European countries.
As a main finding, a non-negligible minority (38.2%) of clinicians who prescribe Se recommend its use in GD not associated with symptoms or signs of GO. Conversely, the vast majority (94.1%) of clinicians recommend Se supplementation in mild GO -either always, frequently or sometimes -primarily as a therapeutic alternative to simple watchful waiting.
Differences among respondents from different countries would have been an interesting topic. Unfortunately, few experts answered from most countries, thus a complete comparison would have provided unreliable and meaningless information. The comparison between the two national groups with more respondents, namely Italians and Danes, showed a profound difference, with most of the Danes prescribing Se only within clinical trials (of note, none of Danes practices in a private setting vs. 21% of Italians). This finding points to a different consideration of the same available scientific information by the experts, at least in these two countries.
The widely variable approaches of the European thyroidologists are probably the consequence of the limited and partly conflicting available clinical data. Although the majority of ETA members never use Se supplementation in the absence of GO, a considerable minority, as above reported, prescribe Se in this setting, and 5.2% even routinely. Notably, this clinical approach is not in accordance with current recommendations of recently published ETA guidelines [29] . It may be speculated that this surprisingly high number recommending Se use is based on a wish of offering complementary treatment to demand- As an alternative to doing nothing in patients with mild ocular involvement
As an alternative to other treatment modalities in patients with moderate to severe ocular involvement
As a supplement to other treatment modalities in patients with moderate to severe ocular involvement
To improve quality of life ing patients affected by a debilitating or even progressively worsening, disease. Further reasons could be pressure from pharmaceutical companies and the patients' request due to the widespread availability of web-based information on various, frequently uncontrolled, social media. For more than half of those clinicians who recommend Se treatment, the main perceived benefit was the potential decrease in serum TRAb levels. For this purpose, the majority recommended a dose that did not exceed 200 µg/ day and recommended to supplement Se for a few weeks to months and then to re-evaluate the patient. Interestingly, the reduction in TRAb levels was reported only in a single recent trial, limited to a series of 41 patients [21] . Thus, confirmatory data are needed before accepting the currently weak evidence of a favorable influence of Se on the autoimmune process. Such data may potentially be provided by an ongoing Danish trial, which aims at enrolling 492 patients with GD on a standard treatment with anti-thyroid drugs. The study addresses whether Se supplementation as opposed to placebo leads to a decrease in anti-thyroid drug treatment failure, a more rapid GD remission, and an improved quality of life [32] .
Despite the limited data from clinical trials, the current ETA guidelines on management of GO and GD included Se supplementation as a suggested treatment for mild forms of GO [29, 30] . Interestingly, whereas only half of the clinicians stated that the available evidence warrants Se supplementation, the vast majority (over 90%) recommended this treatment in GO. Mostly, Se is used as an alternative therapeutic option to simple surveillance in patients with mild ocular involvement, in accordance with ETA guidelines. However, almost half of the clinicians state that they use Se as a therapeutic adjuvant to the established treatment modalities in moderate to severe GO, which is in conflict with the ETA guidelines [29, 30] . It is interesting to speculate, but unfortunately cannot be clarified by the present questionnaire, why recommendations have so rapidly been implemented, and why their use has been extended far beyond the GO phenotypes recommended in the ETA guidelines.
It remains unsettled which patients benefit the most, if at all, from Se supplementation. However, a U-shaped link between Se status and disease has been established, indicating that subjects who might benefit from supplementation are those with Se deficiency [33] , possibly due to a relatively poor antioxidant activity. However, and surprisingly, for the majority of respondents Se status in the general population of their region was unknown and Se status was rarely evaluated before recommending supplementation. However, most respondents asked the patients about their use of dietary, potentially Se-containing, supplements. Thus, overall, in many, if not most patients, it was unknown whether the patients had Se deficiency and, if treated, which Se level was reached. In published studies recruiting patients with GD and GO the Se dose mostly ranged from 200 to 300 µg/day. Notably, nearly no respondent suggested a dose exceeding 200 µg/ day. This clinical approach appears sound. Whereas the recommended daily intake for adults is 70 μg/day for men and 60 μg/day for women [34] , a daily amount exceeding 400 µg should be avoided due to its potential toxic effects (a condition defined as "selenosis"), characterized by diarrhea, fatigue, hair loss, and nail discoloration [35] [36] [37] . Further, in a recent randomized controlled trial, the safety of this upper limit has been questioned. A 300 µg/day dose of Se-enriched yeast taken for 5 years in Denmark, a region with a moderately low Se status, increased allcause mortality 10 years later, as compared to placebo [38] .
As both Se and iodine interact in thyroid hormone regulation [39] , the combined assessment of their status should be considered when contemplating Se supplementation, at least at the population level. However, most clinicians do not take regional or, even better, individual iodine status into account, when deciding whether or not to recommend Se supplementation. The deterioration of thyroid function, which was observed after Se administration in severely iodine-deficient people in northern Zaire, for example, offers an important insight into the potential relevance of this interaction between these two deficiencies [13] .
In accordance with the limited knowledge of Se status among respondents, almost half of the thyroid experts in this survey did not state any preference as to the formulation of Se. In most countries, it is available as both organic and inorganic compounds, and in both multivitamin tablets and single-component supplements. Significantly more respondents recommended an organic compound, such as selenomethionine, as compared to an inorganic compound, such as sodium selenite. In an animal model of laying hens, a higher antioxidant activity has been demonstrated for the organic versus the inorganic form [40] , while in humans both the inorganic Se compounds and the organic derivatives gave rise to steady-state levels of GPx activity after 1 month of supplementation. However, the Se levels in the subjects receiving organic Se showed a steady rise during the whole period, whereas those supplemented with inorganic Se levelled off after a period of 1-3 months [41] . Important for clinical prac-DOI: 10.1159/000494837 tice, it remains unknown whether one Se compound offers a significantly better therapeutic effect than another in GD and/or GO.
A strength of this survey is the relatively high number of respondents from 27 European countries. The exact number of European ETA members who routinely manage patients with GD or GO is presently unavailable, since not all the European thyroid experts responded to the questionnaire. However, extrapolating the data from a former ETA survey on GD management [8] , the 136 clinicians who filled in the present questionnaire may represent approximately one-third of the clinicians usually involved in GD management. As a whole, the response rate of the present study is more representative than in former trials, accounting for 197 clinicians, since the 61 respondents who denied using Se at all were disregarded from further analyses.
On the other hand, the number of analyzed responses is somewhat small to draw firm conclusions and the small number of thyroidologists from each single country made any comparison between countries unreliable. The uneven distribution of answers, the high proportion of missing values, and the lack of both content and construct validation of the questionnaire are other limitations to the interpretation of the data. Evidently selection bias of respondents may skew the results towards both an overand an underestimation of the recommendation of Se supplementation. Thus, we do not know whether these physicians are representative of practice patterns in their countries. Also, the fact that Se is an over-the-counter product in most countries suggests that many patients are totally independent of the advice of their physicians, and may be easy targets of other sources of information.
In conclusion, the ETA members' self-reported use of Se supplementation in GD is partly in conflict with current ETA guidelines, where Se is only recommended for a 6-month period to improve mild and active GO and to prevent its progression to more severe forms. There is limited knowledge about local Se status among respondents, and, given the U-shaped association between Se status and thyroid disease, care must be taken because the empirical use may potentially have detrimental health effects. The present results also suggest that endocrine scientific societies should improve their educational activities in helping their members provide an evidence-based patient care.
